Why are some people more skilled in complex domains than other people? Here, we conducted a meta-analysis to evaluate the relationship between cognitive ability and skill in chess. Chess skill correlated positively and significantly with fluid reasoning (Gf) (r = 0.24), comprehension-knowledge (Gc) (r = 0.22), short-term memory (Gsm) (r = 0.25), and processing speed (Gs) (r = 0.24); the meta-analytic average of the correlations was (r = 0.24). Moreover, the correlation between Gf and chess skill was moderated by age (r = 0.32 for youth samples vs. r = 0.11 for adult samples), and skill level (r = 0.32 for unranked samples vs. r = 0.14 for ranked samples). Interestingly, chess skill correlated more strongly with numerical ability (r = 0.35) than with verbal ability (r = 0.19) or visuospatial ability (r = 0.13). The results suggest that cognitive ability contributes meaningfully to individual differences in chess skill, particularly in young chess players and/or at lower levels of skill.
Introduction
Research has convincingly established that cognitive ability (or intelligence) is a statistically and practically significant predictor of a wide range of socially relevant outcomes. For example, cognitive ability is the single best predictor of both work performance (Schmidt & Hunter, 2004) and educational achievement (Deary, Strand, Smith, & Fernandes, 2007) . People who do well on tests of cognitive ability tend to perform better at work and in school, and even to live longer (Batty, Deary, & Gottfredson, 2007) , than people who do less well on these tests.
Here, we consider the question of whether cognitive ability contributes to individual differences in expertise-that is, skill in a specific domain. This question has been hotly debated in psychology for well over a century. Using biographical dictionaries, Francis Galton (1869) found that eminence in fields such as music, science, and art tends to run in families, and that the likelihood of two relatives both having achieved eminent status varies with degree of biological relation. For example, considering the 300 most distinguished men in his sample, 36% of their sons achieved eminence, compared to 9.5% of their grandsons and 1.5% of their great-grandsons (see Plomin, DeFries, McClearn, & McGuffin, 2008) . Galton concluded that eminence arises from "natural ability. " John Watson (1930) , the founder of behaviorism, countered that "practicing more intensively than others…is probably the most reasonable explanation we have today not only for success in any line, but even for genius" (p. 212).
More recently, in the spirit of Watson (1930), Ericsson and colleagues proposed that individual differences in skill largely reflect engagement in a long period of deliberate practice (Ericsson, Krampe, & Tesch-Römer, 1993) . This view has been challenged by the finding that although deliberate practice accounts for a sizeable amount of variance in domain-specific performance, it leaves an even larger amount unexplained and potentially explainable by other factors (Macnamara, Hambrick, & Oswald, 2014; Macnamara, Moreau, & Hambrick, 2016) . Ericsson and colleagues have further argued that cognitive ability, which is substantially heritable (Jensen, 1999; Plomin et al., 2008) , does not correlate with expert performance. For example, in a Harvard Business Review article, Ericsson, Prietula, and Cokely (2007) claimed that "there is no correlation between IQ and expert performance in fields such as chess, music, sports, and medicine" (p. 116).
Nevertheless, there have been few attempts to evaluate evidence for the relationship between cognitive ability and skill through formal meta-analyses. Here, we report the first ever meta-analysis of the relationship between cognitive ability and skill in chess, the original domain for research on expertise (Simon & Chase, 1973; de Groot, 1946 de Groot, /1978 .
Present study
Chess is an ideal domain for a meta-analysis of the relationship between cognitive ability and skill, for three reasons. First, chess is one of, if not the, single most studied domains in research on expertise-the "Drosophila" (fruit fly) of expertise research (e.g., Simon & Chase, 1973) . Second, unlike in many domains, there is an objective measure of skill in chess-the Elo (1978) rating.
2 Finally, chess is a complex and purely intellectual activity.
It is somewhat surprising, then, that evidence for the relationship between chess skill and cognitive ability is inconsistent. In an early study, Djakow, Petrowski, and Rudik (1927) reported that there were no differences in visuospatial memory and general intelligence between eight grandmasters and non-chess players. More recently, in two studies, Unterrainer and colleagues found near-zero correlations between measures of cognitive ability (full-scale IQ and Raven's) and chess rating (see Unterrainer, Kaller, Halsband, & Rahm, 2006; Unterrainer, Kaller, Leonhart, & Rahm, 2011) . By contrast, Frydman and Lynn (1992) found that elite Belgian youth chess players were approximately one standard deviation higher than the population mean on the performance subscale of the Wechsler Intelligence Scale for Children (WISC), which primarily reflects fluid reasoning. Furthermore, the stronger players had higher WISC performance IQ scores than the weaker players. More recently, using a relatively large sample with a wide range of chess skill, Grabner, Stern, and Neubauer (2007) found a significant positive correlation (r = 0.35) between full-scale IQ and chess rating. Similarly, Ferreira and Palhares (2008) studied ranked youth chess players and found a significant positive correlation (rs = 0.32-0.46) between fluid reasoning and Elo rating. de Bruin, Kok, Leppink, and Camp (2014) had beginning youth chess students complete a chess test, in which they were shown a chess game position and asked to predict the best next move. Performance on the chess test correlated moderately (r = 0.47) with scores on the WISC.
For a number of reasons, it is not clear what can be concluded from this mixed evidence (see a recent special issue of Intelligence for discussions of methodological issues in expertise research; Detterman, 2014). Sample sizes in studies of chess are often very small, leading to low statistical power and precision (e.g., N = 25 for Unterrainer et al., 2006 ; N = 21 for de Bruin et al., 2014) . Moreover, samples are sometimes restricted in ranges of both cognitive ability and chess skill, limiting the degree to which the variables can correlate with each other (Ackerman, 2014) . Further complicating matters, cognitive ability is sometimes assessed using tests with unknown reliability and validity, and sometimes with only a single test, leaving open the question of whether the results are test-specific (see, e.g., Li et al., 2015) . Finally, samples sometimes consist of children and other times adults.
A narrative review by Campitelli and Gobet (2011) sheds more light on the inconsistent evidence for the relationship between cognitive ability and chess skill. They concluded that people high in cognitive ability are more attracted to chess than people lower in cognitive ability. More relevant to the present study, they concluded that the positive relationship between cognitive ability and chess skill is stronger in children than in adults, and at low rather than high levels of chess skill. In this study, we formally tested predictions following from the latter two of these conclusions via meta-analysis.
Research questions
The purpose of this study was to synthesize the available evidence for the relationship between cognitive ability and chess skill via metaanalysis. Our major question was whether there is a significant positive correlation between cognitive ability and chess skill. That is, do skilled chess players tend to be higher in cognitive ability than less skilled players? Using the Cattell-Horn-Carroll model of intelligence as an organizing framework (see McGrew, 2009 ), we considered this question in terms of both global cognitive ability (full-scale IQ) and four broad cognitive abilities: fluid reasoning (Gf), comprehension-knowledge (Gc), short-term memory (Gsm), and processing speed (Gs).
2 This rating gives points to and ranks chess players based on their tournament games, and has been used by the International Chess Federation since 1971. Moreover, similar versions of it were adopted by national federations (for a comparison of the rating of the International Chess Federation and national ratings see Vaci, Gula, & Bilalić, 2014) . Players with N2000 points are typically considered chess experts, whereas players with b800 points are considered beginners.
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Gf refers to the ability to solve novel problems and adapt to new situations (Cattell, 1943) , and is typically measured with tests of sequential (deductive) reasoning such as Raven's Progressive Matrices, in which the goal is to predict the next item in a pattern, or tests of quantitative reasoning such as solving mathematical problems (McGrew, 2009) .
3 By contrast, Gc reflects knowledge and skills acquired through experience, and is assessed with tests of vocabulary, comprehension, and general information. Gsm is defined as the ability to remember information over a short period of time (Atkinson & Shiffrin, 1968; Baddeley & Hitch, 1974) , and is measured with tests of short-term memory such as digit span, in which the goal is to remember and recall a series of digits, or tests of working memory such as n-back, in which the goal is to indicate whether a stimulus is the same as the one some number (n) back in a run of stimuli (Kay, as cited in Welford, 1958; Owen, McMillan, Laird, & Bullmore, 2005) . Gs reflects speed of information processing, and is measured with reaction time tasks or tests that require speeded judgments (e.g., comparing letter strings; Salthouse, 1996; Sheppard & Vernon, 2008) . Psychometric g reflects the variance common to these broad factors, and correlates near 1.0 with full-scale IQ (Jensen, 1999) . Each of these cognitive factors might be expected to contribute to individual differences in chess skill. Gf may underlie the ability to reason about and visualize the consequences of different chess moves (Holding, 1992; Burns, 2004) , whereas Gsm could be involved in holding in working memory and comparing the consequences of multiple candidate moves. Gs has been hypothesized to underlie individual differences in both Gf and Gsm (Jensen, 1999; Salthouse, 1996) , and thus may contribute indirectly to chess skill through these factors. Finally, as it encompasses vocabulary and comprehension skill, Gc may be involved in acquiring and understanding relevant concepts of chess strategy and tactics.
Following from Campitelli and Gobet's (2011) aforementioned review, we addressed two additional questions, pertaining to possible moderators of the relationship between cognitive ability and chess skill. First, does the relationship between cognitive ability and chess skill vary as a function of the skill level of the sample? Ericsson and colleagues have argued that cognitive ability predicts performance at low levels of skill, but not at high levels of skill. For example, Ericsson (2014) claimed that "acquired mechanisms gradually circumvent the role of any basic general cognitive capacities and thus reduce and even eliminate significant relations between general cognitive ability and domain-specific performance at the expert level of performance" (p. 83; see also Ericsson et al., 1993) . Inconsistent with this hypothesis, a number of studies have demonstrated that the predictive validity of general mental ability for job performance does not decrease as a function of increasing job experience (Schmidt, Hunter, Outerbridge, & Goff, 1988; Schmidt & Hunter, 2004) . Nevertheless, the finding that cognitive ability and chess skill correlate significantly more strongly, on average, in less skilled samples than in more skilled samples, would support Ericsson and colleagues' claim.
Second, does the relationship between cognitive ability and chess skill vary as a function of the age of the sample? Recent evidence indicates that chess skill is acquired more easily during childhood than during adulthood. In particular, there have been two reports of a negative relationship between starting age in chess and later chess rating, even after controlling for training (Gobet & Campitelli, 2007; Howard, 2012) , indicating higher skill for those who start at an earlier age. Moreover, Gobet and Campitelli (2007) found that the probability of a player reaching international level status (International Master or Grandmaster) was 0.24 if they started playing chess at the age of 12 or earlier, but only 0.02 if they started playing after the age of 12. Here, we used meta-analysis to investigate whether the relationship between cognitive ability and chess skill also varies with age.
Finally, we addressed a question raised by Grabner (2014) : does the relationship between cognitive ability and chess skill vary as a function of the content of the cognitive ability measure-namely, visuospatial, numerical, or verbal? A number of researchers have investigated the possibility that visuospatial abilities relate to chess skill, based on the idea that visuospatial skills are involved in perceiving, generating, and evaluating candidate moves (Waters, Gobet, & Leyden, 2002; see also Frydman & Lynn, 1992; Gobet & Campitelli, 2007; Grabner et al., 2007; Grabner, 2014) . Surveying the evidence, Grabner (2014) reported a relationship between visuospatial ability and chess skill in children, but not in adults. There is also evidence that numerical ability relates to chess skill-perhaps because chess and mathematics both involve the evaluation of a problem space, followed by the sequencing of operations to reach a desired end state-and also some evidence for a correlation between verbal ability and chess skill (Grabner et al., 2007) . We will assess relations of chess skill to visuospatial, numerical, and verbal abilities using additional meta-analytic models and moderator analyses.
Method
As in previous meta-analyses (e.g., Macnamara et al., 2014; Macnamara et al., 2016) , we designed this meta-analysis and report the results in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (Moher, Liberati, Tetzlaff, & Altman, 2009 ). See Fig. 1 for a flowchart depicting the major steps of the meta-analysis.
Inclusion criteria, literature search, and coding
The criteria for including a study in the meta-analysis were as follows: (1) at least one measure of cognitive ability was collected (e.g., full-scale IQ, score on Raven's Progressive Matrices); (2) at least one measure of chess skill was collected (e.g., Elo rating, score on a chess move-choice test); and (3) one or more effect sizes reflecting the relationship between cognitive ability and chess skill was reported, or information needed to compute the effect size(s) was reported or could be obtained from the author(s) of the study.
To identify studies meeting these criteria, we searched for relevant published and unpublished articles through March 1, 2016 and scanned reference lists. We also e-mailed authors of articles on chess and requested information relevant to our meta-analysis that was not accessible (e.g., unpublished data), and asked that they forward the e-mail to colleagues who might have conducted relevant studies.
Our search yielded 2287 potentially relevant articles. After examining these articles and discarding irrelevant ones (e.g., literature reviews), we identified 19 studies that met all the inclusion criteria. We coded each study and associated measures for reference information, methodological characteristics, and results (the data file is openly available at https://osf.io/4zesc/). Across studies, there were 26 independent samples, with 82 effect sizes and a total sample size of 1779 participants. For a list of studies included in the meta-analysis, see the references section; for additional characteristics of the meta-analysis, see Tables S1a-S1h in the Supplemental Material available online.
Effect sizes and moderator variables
The meta-analysis used the correlation between cognitive ability and chess skill as the measure of effect size. The majority of the effect sizes were correlations reported by the authors of the studies. For any study in which the authors only reported group-level comparisons (e.g., ranked vs. unranked chess players), we converted standardized mean differences (Cohen's ds) to biserial correlations (Becker, 1986; Hunter & Schmidt, 1990) . Next, we classified each effect size in terms of four moderator variables: skill level of sample (ranked or unranked), mean Elo rating of sample (higher-rated: ≥ to 2000, or lower-rated: b2000), age of sample (adult: mean age ≥ 18, or youth: mean age b 18), and measure of chess skill (chess rating or performance on a test of chess skill). Effect sizes that could not be classified by a moderator variable were not included in that particular moderator analysis.
Meta-analytic procedure
The meta-analysis involved four steps. First, we obtained correlations between cognitive ability and chess skill, along with sampling error variances. Second, we screened for outliers, which we defined as correlations whose residuals had z-scores of 3 or greater. None of the correlations met this criterion. Third, we estimated overall effects and heterogeneity among the correlations using random-effects meta-analysis modeling. For the Gf model-which contained the largest number of effect sizes-we tested whether some of the heterogeneity was predictable from moderator variables using mixed-effects meta-analysis modeling. Finally, we performed publication-bias analyses. We used the Comprehensive Meta-Analysis (Version 3; Biostat, Englewood, NJ) software package to conduct the meta-analyses and publication-bias analyses.
We performed these steps to produce 6 meta-analytic models. The models differed on the measure of intelligence/broad cognitive ability. Model 1 included only Gf measures; Model 2 included only Gc measures; Model 3 included only Gsm measures; Model 4 included only Gs measures; Model 5 included the meta-analytic average correlations for Models 1-4 for an estimate of psychometric g; and Model 6 included only full-scale IQ.
Results
The participants in the studies represented a wide range of chess skill. For example, across the 7 studies that collected Elo rating, the weighted average was 2018 (SD = 177) and the range was 1311 (an amateur level of skill) to 2607 (an elite level of skill). The participants in the studies also represented a wide range of intelligence/cognitive ability. For example, among the five studies that reported full-scale IQ, the weighted mean was 120.5, and the average standard deviation was 14.8, which is similar to the population standard deviation (SD) for many full-scale IQ assessments (i.e., SD = 15).
The majority of correlations (79%) between cognitive ability and chess skill were positive. High levels of cognitive ability were associated with high levels of chess skill, with effect sizes in the small-to-medium range (Cohen, 1992; see Fig. 2 and Appendix A). For Model 1, the metaanalytic average correlation was 0.24, 95% CI = [0.18, 0.30], p b 0.001, which indicates that Gf explained 6% of the variance in chess skill. For Model 2, the meta-analytic average correlation was 0.22, 95% CI = [0.11, 0.32], p b 0.001, which indicates that Gc explained 5% of the variance in chess skill. For Model 3, the meta-analytic average correlation was 0.25, 95% CI = [0.13, 0.37], p b 0.001, which indicates that Gsm explained 6% of the variance in chess skill. For Model 4, the meta-analytic average correlation was 0.24, 95% CI = [0.08, 0.39], p = 0.004, indicating that Gs explained 6% of the variance in chess skill.
Next, we performed a meta-analysis on the preceding correlations between chess skill and Gf, Gc, Gsm, and Gs. For this model (Model 5), the meta-analytic average correlation was 0.24, 95% CI = [0.19, 0.28], p b 0.001, indicating that, on average, the factors accounted for 6% of the variance in chess skill. Finally, we tested a model that included only full-scale IQ tests. The meta-analytic average correlation was a non-significant 0.10, 95% CI = [−0.19, 0.38] , p = 0.483, which indicates that full-scale IQ explained b1% of the variance in chess skill.
The I 2 statistic, which indicates the percentage of between-study variability in the effect sizes that is due to heterogeneity and not random error, was substantial for Model 1 (Gf), I 2 = 56.94, Model 4 (Gs), I 2 = 50.36, and Model 6 (full-scale IQ), I 2 = 75.13, suggesting that there was a large degree of heterogeneity in the effect sizes. For Gf, we investigated the source of this heterogeneity by conducting moderator analyses. That is, we tested whether skill level, 4 mean rating, and age significantly moderated the relationship between Gf and chess skill. For the other ability factors, there were not enough effect sizes to perform moderator analyses (The Campbell Collaboration, 2012).
3.1. Results of the moderator analyses 3.1.1. Skill level: ranked vs. unranked The correlation between Gf and chess skill was r = 0.14, 95% CI = [0.02, 0.25], p = 0.018, for ranked samples and r = 0.32, 95% CI = [0.27, 0.38], p b 0.001, for unranked samples. Thus, Gf explained 2% of the variance in chess skill for ranked samples and 10% of the variance in chess skill for unranked samples (Fig. 3a) . This difference was significant, Q(1) = 8.37, p = 0.004.
Skill level: mean rating b 2000 vs. mean rating ≥ 2000
The correlation between Gf and chess skill was r = −0.10, 95% CI = [−0.34, 0.14], p = 0.411, for higher-rated samples, and r = 0.10, 95% CI = [−0.04, 0.23], p = 0.147, for lower-rated samples. Thus, although the direction of the relationship differed, Gf explained 1% of the variance in chess skill for both higher-rated and lower-rated samples. This difference was not significant, Q(1) = 1.99, p = 0.159.
Age
The correlation between Gf and chess skill was r = 0.11, 95% CI = [− 0.01, 0.22], p = 0.071, for adult samples and r = 0.32, 95% CI = Fig. 2 . Percentage of variance in chess skill explained (light gray) versus not explained (dark gray) by different measures of intelligence. Percentage of variance explained is equal to r 2 × 100. 4 We also considered type of skill measure (i.e., rating or chess test) as a moderator.
However, this moderator was completely redundant with the skill level moderator (i.e., all ranked samples used chess rating, all unranked samples used a chess test). Thus, we do not report the skill measure moderator analysis; the results are identical to those of the skill level moderator analysis.
[0.25, 0.38], p b 0.001, for youth samples. 5 Thus, Gf explained 1% of the variance in chess skill for adult samples and 10% of the variance in chess skill for youth samples (Fig. 3b) . This difference was significant, Q(1) = 9.83, p = 0.002.
Rank by age
For ranked adult samples, the correlation between Gf and chess skill was r = 0.11, 95% CI = [−0.01, 0.22], p = 0.071; for ranked youth samples, the correlation was r = 0.27, 95% CI = [−0.04, 0.53], p = 0.092. Thus, Gf explained 1% of the variance in chess skill for ranked adult samples and 7% of the variance in chess skill for ranked youth samples. This difference was not significant, Q(1) = 0.932, p = 0.334.
Publication bias analysis
To assess whether our analyses were affected by publication bias, we created funnel plots for Models 1-6, illustrating the relation between effect size and standard error (seethe Supplemental Material available online) and conducted Duval and Tweedie's trim and fill analyses (Duval & Tweedie, 2000a , 2000b . The trim and fill analyses estimate the number of missing studies from the meta-analysis due to the suppression of the most extreme results on one side of the funnel plot. The method then imputes the effect sizes for the missing studies based on the observed data's asymmetry to create a more symmetrical funnel plot. The adjusted meta-analytic mean effect size is also reported. This adjusted mean effect size is not necessarily a more valid estimate of the overall effect, but provides information about the sensitivity of the model to publication bias due to suppression. In the present case, these analyses indicated that studies yielding a larger-than-average effect size were missing from the Gf model (10 studies). By contrast, the analyses suggested that studies yielding weaker-than-average effect sizes were missing from the Gsm, Gs, and full-scale IQ models (1 study, 3 studies, and 1 study, respectively). Given that the asymmetry fell on both sides of the means across the models, there is little evidence to suggest a systematic suppression of particular effect size magnitudes.
Additional analyses
We conducted three additional meta-analyses to assess the strength of the relationship between chess skill and visuospatial ability, numerical ability, and verbal ability. For these models, we reclassified effect sizes across all four broad cognitive ability factors (Gf, Gc, Gsm, and Gs) according to the content of the cognitive ability test, i.e., visuospatial, numerical, or verbal. We also investigated whether the strength of the relationship of chess skill to visuospatial ability and verbal ability differed depending on the skill level or age of the sample. Descriptive characteristics of each model and funnel plots illustrating the relation between each effect size and standard error are provided in the supplemental material available online.
Visuospatial ability
The meta-analytic average correlation between visuospatial ability and chess skill was r = 0.13, 95% CI = [0.05, 0.20], p = 5 One correlation in this model had a residual z-score of −3.15; this correlation was Winsorized to a residual z-score of −2.99. 0.002. Thus, visuospatial ability explained 2% of the variance in chess skill (Fig. 4) . However, further analysis revealed that the correlation between visuospatial ability and chess skill was moderated by skill level of the sample. For ranked samples, the correlation between visuospatial ability and chess skill was r = 0.05, 95% CI = [− 0.07, 0.16], p = 0.420; for unranked samples, the correlation was r = 0.25, 95% CI = [0.14, 0.35], p b 0.001. Therefore, visuospatial ability explained essentially none of the variance in chess skill for ranked samples and 6% of the variance in chess skill for unranked samples. This difference was significant, Q(1) = 6.39, p = 0.011. The correlation between visuospatial ability and chess skill was also moderated by the age of the sample. For adult samples, the correlation between visuospatial ability and chess skill was r = 0.03, 95% CI = [− 0.06, 0.12], p = 0.491; for youth samples, the correlation was r = 0.24, 95% CI = [0.14, 0.33], p b 0.001. Therefore, visuospatial ability explained essentially none of the variance in chess skill for adult samples and 6% of the variance in chess skill for youth samples. This difference was significant, Q(1) = 8.85, p = 0.003.
Numerical ability
The meta-analytic average correlation between numerical ability and chess skill was r = 0.35, 95% CI = [0.30, 0.40], p b 0.001. Thus, numerical ability explained 12% of the variance in chess skill. There were not enough effect sizes to perform the skill level and age moderator analyses for numerical ability.
Verbal ability
The meta-analytic average correlation between verbal ability and chess skill was r = 0.19, 95% CI = [0.08, 0.28], p b 0.001. Thus, verbal ability explained 3% of the variance in chess skill. The relationship between verbal ability and chess skill was not moderated by skill level of the sample. For ranked samples, the correlation between verbal ability and chess skill was r = 0.18, 95% CI = [0.01, 0.33], p = 0.039; for unranked samples, the correlation was r = 0.17, 95% CI = [0.00, 0.33], p = 0.052. Therefore, verbal ability explained 3% of the variance in chess skill for both ranked samples and unranked samples. This difference was not significant, Q(1) = 0.01, p = 0.945.
The relationship between verbal ability and chess skill was also not moderated by age of the sample. For adult samples, the correlation between verbal ability and chess skill was r = 0.25, 95% CI = [0.12, 0.38], p b 0.001; for youth samples, the correlation was r = 0.09, 95% CI = [− 0.09, 0.27], p = 0.340. Therefore, verbal ability explained 6% of the variance in chess skill for adult samples and 1% of the variance in chess skill for youth samples. This difference was not significant, Q(1) = 2.13, p = 0.144.
General discussion
The purpose of this meta-analysis was to estimate the relationship between cognitive ability and chess skill. Results revealed that chess skill correlates significantly and positively with four broad cognitive abilities (Gf, Gc, Gsm, and Gs). Effect sizes were small-to-medium in magnitude; variance in chess skill explained by cognitive ability was similar in magnitude for Gf (6%), Gsm (6%), Gs (6%), and Gc (5%), with an average of 6%. Full-scale IQ explained b 1% of the variance in chess skill.
Given that the correlations were significant for Gf, Gc, Gsm, Gs, it is somewhat surprising that the correlation was non-significant for fullscale IQ (i.e., Model 6). However, it should be noted that this model included only 6 effect sizes. Moreover, this result was largely driven by one correlation-the elite subsample from Bilalić, McLeod, and Gobet (2007; r = −0.51) . Excluding this effect size, the meta-analytic average correlation for full-scale IQ increases from 0.10 (ns) to 0.24 (p = 0.015). This latter value is in line with the average of the correlations for Gf, Gc, Gsm, and Gs, which might be regarded as an approximation of the correlation between psychometric g and chess skill.
Moderator analyses revealed that the strength of the relation between Gf and chess skill differed significantly depending on both the skill level and age of the sample. That is, the correlation was stronger in unranked samples than in ranked samples (r = 0.32 vs. 0.14), and stronger in youth samples than in adult samples (r = 0.32 vs. 0.11). These findings provide some support for the hypotheses that the relationship between cognitive ability (Gf in particular) and chess skill is moderated by these factors (see Ericsson, 2014; Hambrick et al., 2012) . As we have speculated elsewhere (Hambrick, Macnamara, Campitelli, Ullén, & Mosing, 2016) , whether increasing skill level weakens the relationship between cognitive ability and domain-specific performance may depend on task factors. For example, it may be possible to circumvent reliance on cognitive ability in chess, but not in highly dynamic activities such as sight-reading music (Meinz & Hambrick, 2010) .
At the same time, this evidence must be interpreted cautiously for at least three reasons. First, in the Gf model, there was evidence for restriction of range in Elo ratings in the ranked samples. The average reported standard deviation for samples was 148, which is substantially lower than the standard deviation of 200 for the Elo rating system (Elo, 1978) . Second, skill level and age group were substantially confounded. That is, in adult samples, all chess players were ranked, whereas in youth samples, most of the players were unranked. Third, skill level was confounded with type of chess skill measure; for ranked samples, the measure was always chess rating, whereas for unranked samples, the measure was always a chess test, with the exception of one study (Gliga & Flesner, 2014) which used a chess tournament (see Table S1a in the Supplemental Material available online for the sample characteristics of Model 1). More research is necessary to definitively disentangle the effects of age, skill, and type of skill measure on the relationship between cognitive ability and chess skill.
Additional analyses revealed that the strength of the relation between cognitive ability and chess skill differed depending on the content of the measured cognitive ability. The correlation was strongest for numerical ability (r = 0.35), intermediate for verbal ability ( r = 0.19), and weakest for visuospatial ability (r = 0.13). Furthermore, the correlation between visuospatial ability and chess skill was significantly weaker for ranked samples (r = 0.05) than for unranked samples (r = 0.25), and significantly weaker for adult samples ( r = 0.03) than for youth samples ( r = 0.24). Again, these results should be interpreted cautiously, given restriction of range in Elo rating for ranked samples.
We did not correct individual effect sizes for the attenuation due to measurement error (i.e., unreliability), because very few studies reported reliability estimates. Because almost no measure is perfectly reliable, it must therefore be assumed that the meta-analytic correlations reported here underestimate the true relationship between intelligence and chess skill. However, both measures of chess skill and intelligence are typically found to have quite high reliability (often 0.80 or higher), and thus the degree of attenuation is likely to be small. For example, if both chess rating and full-scale IQ are assumed to have reliability of 0.90 (see Hambrick et al., 2014; Parker, Hanson, & Hunsley, 1988) , then the correlation between full-scale IQ and chess skill would be 0.11 after correction for unreliability (versus 0.10 before correction), per the standard formula for correcting a correlation for unreliability (Schmidt & Hunter, 1999) .
This meta-analysis represents the first attempt to quantitatively synthesize the available evidence for the relationship between cognitive ability and chess skill. Future studies of chess skill should include broad assessments of cognitive ability, and samples with even wider ranges of chess skill and age than in the studies included in this metaanalysis. Adding to the results of this meta-analysis, this work will shed light on the underpinnings of expertise in one of the most fruitful domains for research on expertise. Appendix A Fig. A1 . Correlations between Gf and chess skill (Model 1).Note: Correlations (squares) and 95% confidence intervals (CIs; lines) are displayed for all effects entered into the meta-analysis. The diamond on the bottom row represents the meta-analytically weighted mean correlation. Multiple measures were adjusted for dependency. For studies with multiple independent samples, the result for each sample (S1, S2, etc.) is reported separately. Similarly, for studies with multiple performance measures, the result for each measure (M1, M2, etc.) is reported separately.
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